Background: Colonias are substandard residential areas along the U.S.-Mexico border. Families of Mexican-origin living in colonias face health burdens characterized by environmental and socioeconomic hardships. Mexican Americans and low-income families, including colonias children, do not frequently participate in physical activity despite the known link to disease risk reduction. For colonias children, schools are the most commonly reported location for physical activity. School closures and extreme temperatures during summer months create a need to explore seasonal differences in environmental supports and barriers in this population. The purpose of this study was to examine the effect of seasonality on perceived environmental barriers, opportunities, and social support for physical activity among colonias children. As a secondary aim, mother-child discordance for each factor was analyzed. Methods: Promotora-researchers recruited mother-child dyads (n=101 dyads, n=202 participants) from colonias in Hidalgo County, Texas. Mothers and children were separately administered surveys at two time points to capture perceived barriers, opportunities, and social support for physical activity (school-year: February-May; summertime: July-August). Summative scores for each outcome were calculated and three multilevel longitudinal models for continuous outcomes were examined; children were nested within households. Mother-child discordance was measured using Cohen's Kappa statistic.
Background and purpose
Sedentary behavior is rapidly emerging as an important issue in public health, and concern over the number of children and adolescents adopting sedentary lifestyles has grown in recent years [1, 2] . This is largely due to the deleterious health outcomes associated with sedentary behaviors, and the particular significance of time spent being sedentary among children and adolescents [3, 4] . In addition to a greater risk of childhood obesity and health risks in adulthood, research indicates that the trend of decreased levels of physical activity and increased levels of sedentary behaviors is threatening the persistent increase in life expectancy enjoyed over the past century [5] . Children who do engage in regular physical activity benefit from improved bone health, cardiorespiratory and muscular fitness, decreased levels of adiposity and thus reduced future health risks, as well as psychological benefits including increased self-esteem levels and reduced symptoms of depression [6, 7] . Despite the known benefits of physical activity and the recommendation for all children to engage in moderate to vigorous physical activity for 60 or more minutes each day, many U.S. children do not meet the physical activity recommendation and are spending an increased amount of time in sedentary behaviors [8] . Physical activity has been attributed to varied personal, social, environmental, and economic factors [6, 9] . Given its significance, better understanding of the contributing factors to childhood physical activity participation has the potential to result in more effective physical activity initiatives.
The environmental influence on physical activity participation in youth has been well established. A review conducted by Davison and Lawson [9] explored the relationship between environment features and children's physical activity and found that environmental supports for children include sidewalks in their neighborhood, destinations to walk to, fewer uncontrolled intersections, and low traffic density [9] . Availability of play equipment and permanent activity structures in school play areas were also associated with higher levels of physical activity [9] . Environmental barriers to physical activity participation in children included higher neighborhood crime rates and the perceived presence of roaming dogs [9] .
Seasonality may also affect physical activity behaviors. Levels of physical activity have been established to vary with seasonality, with poor or extreme (e.g., very hot, very cold, etc…) weather identified as a barrier to physical activity participation [10] [11] [12] . In Canada, where extreme weather conditions exist in during the winter, Canadian adults were found to be 86% more likely to engage in leisure-time physical activity in the summer than in the winter [13] . In areas where extreme weather exists in the summer, reverse trends are likely where activity is more probable during the season with less extreme weather conditions. In addition, many physical activity interventions occur during the school year despite evidence showing greater weight gain during summer months for some populations of children [14, 15] . Given this disconnect, it is important to understand the role of seasonality with regards to physical activity participation of children. This information could help health promotion and physical activity practitioners better understand seasonality trends and subsequently plan more effective future physical activity initiatives.
Mexican-origin families living in colonias along the Texas-Mexico border are impacted by seasonality, specifically extreme summer weather conditions. During the summer months (June-August), average high temperatures in Hidalgo County, Texas range from 97-99°F, and record high temperatures have reached 110°F [16] . Previous research within colonias communities cited schools as the most frequent location for children's physical activity, and school buses as the most common transportation option used by children to access physical activity opportunities [17] . However, schools are not insession during summer months, and school buses are not available as a means of transportation. In addition, there are limited physical activity programs, especially programs with no charge, which could alter environmental support and/or barriers to physical activity [17] .
Colonias are mixed-quality residential areas along U.S.-Mexico border and are characterized by inadequate basic services including electricity, water, sewage, fire protection, policing, schools, and health care [18, 19] . There are more than 2,500 colonias spanning the entire U.S.-Mexico border, but the majority exists within the state of Texas [18, 19] . In Hidalgo County alone, there are approximately 860 colonias providing homes to over 150,000 residents [19] . Please see the map below ( Figure 1 ). Colonias residents are predominately of Mexican heritage and most encounter severe poverty and extremely high rates of unemployment [18] . Colonias residents also face great health disparities resulting in disproportionately high rates of obesity, type 2 diabetes, and related illnesses [20, 21] . Additionally, the Mexican-origin population is the fastest growing racial/ethnic group in the U.S. and much of this growth is occurring in colonias and in other new immigrant destinations throughout the country [22, 23] . Despite the link between physical activity and reduced disease risk being well established for people of all age groups and backgrounds, research shows that few Mexican-Americans and low-income families, including children, engage in regular physical activity [24, 25] .
The purpose of this study was to examine the effect of seasonality on environmental factors of physical activity among Mexican-origin children residing in colonias in the Hidalgo County, Texas border region, specifically, perceived environmental barriers to physical activity, perceived opportunities for physical activity, and perceived social support for physical activity. As a secondary aim, child-mother agreement across the factors was examined. Given the nature of perception, perceived environmental supports and barriers may differ between mothers and children. Looking at mother-child agreement across factors can aid in understanding the complete picture. Consistent with previous findings, the authors hypothesize that extreme summer temperatures characteristic of colonias will serve as a barrier to physical activity, and be compounded with the elimination of school-based physical activity opportunities during the summer months [10] [11] [12] [13] 17] .
Methods

Setting
Four large geographic areas of colonias located in Hidalgo County along the Texas-Mexico border in the Lower Rio Grande Valley were included in the present analysis. Hidalgo County, Texas is 1,571 square miles in size and has a population of 774,769, of which 91% are Hispanic or Latino, 35% live below the poverty level, and the median household income is $ 33,218 (2008-2012) [26] . Selection methods of these four areas have been previously described [27] [28] [29] [30] [31] . Colonias residents are primarily of Hispanic origin, encounter numerous economic and locational disadvantages, characterize a difficult-to-reach population, and may mirror archetypes for emerging newimmigrant destinations elsewhere in the U.S. [18, 31] .
Study sample
Promotora-researchers (State of Texas certified indigenous community health workers trained in research methods) recruited 106 Mexican-origin mother-child dyads. Inclusion criteria required one child (age 6-11 years) who resided full-time from each participating home, and each child's mother. Complete data were available on 101 dyads (202 participants).
Promotora-researchers explained aspects of the study (assessments, confidentiality, and financial incentive) to mothers, who provided consent for themselves and for her child while children provided assent to participate. All materials and protocols were approved by the by the Texas A&M University and Baylor University Institutional Review Boards.
Data collection
All data were collected using promotora-administered Spanish-language surveys within participants' residences across two waves between February and August 2011. Baseline (school-year) surveys were completed February -May 2011, while follow-up (summer time) visits occurred between July -August 2011. Following instrument translations by a team of bilingual (native Spanish) translators and verification by a team of promotora-researchers to ensure semantic, conceptual, and normative equivalence, data were collected in Spanish, the native language of participants. Mothers and children were interviewed separately to avoid bias.
Measures
Each mother and child completed three physical activity surveys at two points in time (school-year and summer): 1) perceived environmental and personal barriers to physical activity, 2) perceived opportunities for physical activity in the home and neighborhood, and 3) perceived social support for physical activity. Socio-demographic information was also collected for each participant.
Perceived barriers
Development of barrier items has been reported elsewhere [17] . In summary, 28 barrier items were developed to capture environmental, interpersonal, and intrapersonal level barriers using current physical activity literature, physical activity barrier scales, and feedback from promotora-researchers [32] [33] [34] . Mothers reported their perception of their child's barriers and children reported what they believed to be barriers to engaging in physical activity. Both mothers and children were instructed to select all barriers within the checklist that were applicable to her/him by selecting a response option of present or not present (yes or no), for a possible summative score ranging from 0-28.
Perceived opportunities
Perceived opportunities for physical activity in the home and neighborhood were measured using 16-items for home opportunities and 21-items for neighborhood opportunities. Development of these items has also been previously reported [17] ; however a brief description is included here. Items were developed using current physical activity environmental literature, established environmental assessment instruments, and visual scans of 32 colonias conducted by the researchers in 3 areas of Hidalgo County in South Texas [32, [35] [36] [37] . Mothers and children each reported their own perceptions of physical activity opportunities for their children or themselves, respectively. Similar to barriers, both mothers and children were instructed to select all opportunities within the checklist that were applicable to her/ him by selecting a response option of present or not present (yes or no), for a possible summative score ranging from 0-37. See Figure 2 for an example of a colonias residence and physical activity opportunities.
Social support
Children reported their perceptions of social support received from their parents and mothers reported perceptions of their provision of social support to their children. Children's perceptions of parental social support for physical activity were measured with three items using a 7-point Likert scale of frequency to understand how often social support (in the form of parents being physically active with their children, encouraging their children to be physically active, and providing transportation for physical activity) was provided in the previous seven days (0-7 times) [38, 39] . Provision of social support for children's physical activity was also examined using 3 items to measure the frequency of the mother's demonstration of social support for her child. These items were adapted from Trost and colleagues' (2003) original five-item scale [40] . Specifically, items ascertained whether the mother reported supplying transportation to and from physical activity/sport options for her child, exercising with her child, or orally reinforcing that physical activity is "beneficial" or "good" to her child. Although Trost's original scale used a 5-point Likert scale ranging from "none" to "daily", in this study each mother reported how many times she provided these types of social support to her child in the previous seven days (0-7). Possible summative scores for both mothers' provision of social support and children's receipt of social support ranged from 0-21. 
Analysis
Data were entered into Access databases and reviewed for accuracy by independent researchers. Following database merging and thorough data cleaning procedures, independent summative scores for each measure of interest were created for mothers and children for each time point. Outcomes of interest for each model were interaction of the summative score with the effect of seasonality (wave 1: school-year or 2: summer). Three multilevel longitudinal models for continuous outcomes, in which children were nested within households to account for both child and mother responses, were built to account for correlation inherent in repeated measurements and shared living environments using SAS (v. 9.3, 2012) MIXED procedure. Each model was adjusted for baseline demographic covariates (disclosed by mothers), including self-reported race/ethnicity (Hispanic, Mexican, Mexican-American), birth country (Mexico vs. U.S.), marital status (married/living with partner, not married vs. single/widowed/divorced or separated), mother's education, total household income (<$500/month, $500-$899/month, ≥$900/month), employment status (mother; spouse or partner: full-time, part-time, not working), household size, and availability of personal transportation during the day. Employment status was determined by a single question asking "In your household who works for wages?" with the following categories available for response: you, spouse or partner, other adults, children. Spouse or partner employment was included for all mothers responding to this item regardless of marital status. Mother-child discordance for physical activity barriers, opportunities, and social support was measured using Cohen's Kappa coefficient (κ) for each item. Cohen's Kappa is a statistical measure of inter-rater agreement which takes into account agreement by chance (4) . The level of precision, or amount of mother-child agreement, was assessed through criteria established by Landis and Koch, who ascribe κ of <0.00 as "poor", 0.00-0.20 as "slight", 0.21-0.40 as "fair", 0.41-0.60 as "moderate", 0.61-0.80 as "substantial", and 0.81-1.00 as "almost perfect" (5). All analyses were performed using SAS (v. 9.3, 2012) [41] .
Results
Among this sample of limited-resource, Mexican-origin families living in Texas border colonias (n = 101 dyads; n = 101 children, n = 101 mothers), 100% of the families were of Mexican heritage. Mothers were on average 35 years of age and 41.3% of mothers rated their health as fair (0% poor, 2% excellent). Eighty-one mothers were married or living with a partner but not married; although 99 mothers reported an employment status for their spouse or partner. Children were on average 9 years of age and 39.4% of children reported their health as very good or excellent, with only 17% reporting fair health and none reporting poor health. Please see Table 1 for additional baseline demographic information. Frequencies of the dependent variables of interest for school-year and summer as reported independently by mothers and children are displayed in Figure 3 .
Barriers to physical activity
Over time, from school-year to summer months, perceptions of children's barriers to physical activity increased by 1.16 points (p = 0.012), after holding constant demographic characteristics (including household income, work status of mothers and significant others, household size, mother's race/ethnicity, mother's country of birth, mother's marital status, and mother's education) as well as household car availability during the day. Factors that either increased or decreased barriers to children's physical activity from school-year to summer included total household income, household size, and work status (full time, part time, or not employed) of mothers' significant others. A total household income of greater than $900 per month as compared to < $500 was associated with a 1.23-point increase in children's barriers to physical activity (p = 0.038) after adjusting for all covariates. Having more members in a household was associated with a 0.38-point increase in barriers to physical activity (p = 0.015) after adjusting for all covariates. Mothers' significant others' employment status was significantly associated with decreased barriers for children; where part-time employed significant others decreased children's barriers by 1.58 points when compared to unemployed, and significant others employed full-time decreased children's barriers by 1.68 points as compared to unemployed. Slight mother-child agreement was observed for children's barriers to physical activity in the school-year (median κ = 0.12) and summer (median κ = 0.05). See Table 2 for kappa coefficients comparing mother-child agreement for all items.
Opportunities for physical activity
From school-year to summer, children's opportunities for physical activity increased by 2.83 points (p < 0.001), after controlling for demographic covariates. Yet, in the longitudinal model the only variable that approached significance was mother's country of birth, where being U.S. born was associated with a 2.10-point increase in opportunities from school-year to summer (p = 0.06) after adjusting for covariates. Slight mother-child agreement was observed for reports of physical activity opportunities in the school-year (median κ = 0.14) and fair agreement was observed in summer (median κ = 0.26). When examining mother-child agreement for home physical activity opportunities and neighborhood physical activity opportunities separately, agreement was much more likely for home opportunities.
Fair agreement was observed for home physical activity opportunities in both the school-year (median κ = 0.28) and summer (median κ = 0.37), where only slight agreement was observed for neighborhood physical activity opportunities in the school-year (median κ = 0.01) and summer (median κ = 0.19). See Table 2 for kappa coefficients comparing mother-child agreement for all items.
Social support for physical activity
Although not statistically significant, children's social support to engage in physical activity provided by parents decreased from school-year to summer months by 0.54 points (p = 0.209), after controlling for demographic characteristics. Two factors were significantly related with a reduction in support for children's physical activity. Mother's self-reported race of Mexican was related with a 2.16 point decrease in social support (p = 0.039) from school-year to summer when compared to mothers reporting their race as Mexican American or Hispanic, after adjusting for covariates. Mothers working full-time was associated with a 2.50-point decrease in social support from school-year to summer (p = 0.023) as compared to mothers working part-time or unemployed after adjusting for covariates. Slight mother-child agreement was observed for children's parental social support received and mother's parental support provided for physical activity during the school-year (median κ = 0.08) and summer (median κ = 0.11). See Table 2 for kappa coefficients comparing mother-child agreement for all items.
Discussion
The present study expands our current understanding of physical activity in colonias populations by examining seasonal differences (school-year to summer) of environmental factors shown to be related with physical activity. As hypothesized, seasonality had an effect on perceived environmental barriers, where they increased from school-year to summer. Given the extreme summer heat in South Texas, it is not surprising that barriers to physical activity increase during the summer. This is consistent with a recent review that found 29 out of 35 studies reported seasonal variation in physical activity among children and adolescents [42] ; with the majority of least active seasons or months being the same season or month that had the most extreme weather conditions (e.g., July in Texas; winter in Northern Canada). Other research has found that school environments do not contribute to weight gain as much as non-school environments, as measured by an increase in BMI from school-year to summer [15] . The established propensity for children to gain weight during the summer months could potentially be the result of the increase in perceived barriers to physical activity from school-year to summer seen in this sample. While previous studies have established that seasonal differences exist in children's physical activity, this study adds to the current body of literature by identifying associations between seasonality and perceived environmental barriers, opportunities, and support. In this sample, higher total household income and a greater household size were related with greater barriers for children's physical activity. Previous research has found mixed relationships between economic status and children's physical activity levels [43, 44] . For children living in colonias, greater family income may indicate a working parent or working parents that may not be able to provide transportation or other means of accessing physical activities. A greater household size may indicate less individualized attention for children, and fewer physical activity resources, such as appropriate clothing or shoes for each child. Mother's significant other's employment was associated with a decrease in barriers from schoolyear to summer months. This is a particularly interesting finding given that employment often indicates greater income, which was already shown to increase barriers to physical activity. Instead, it is possible that with a significant other working, the child's mother may be at home and able to provide transportation to physical activity resources, and be able to accompany the child during physical activities.
While barriers increased during summer months, children's opportunities for physical activity also increased significantly, contrary to the author's hypothesis. The concurrent increase in both barriers and opportunities may be related with physical activity in several ways. First, it has been established that children often gain weight in the summer [15] . It is therefore possible that barriers to physical activity (e.g., extreme heat, lack of encouragement, lack of appropriate environment, etc.) outweigh the increase in opportunities for physical activity (e.g., kids playing, informally made soccer fields, etc.) contributing to this phenomenon. It has also been shown that children's physical activity levels increase in the summer, but so do weight gain and BMI [14] . This may alternatively indicate that barriers may not outweigh opportunities, but that other health behaviors, such as food intake, could be contributing to summer weight gain despite the increase in opportunities for physical activity. Future research should explore this balance between barriers and opportunities, and their combined effect on physical activity participation. Approaching statistical significance, increased opportunities were related with mothers born in the U.S. (vs. Mexico) which could be in part due to the acculturation process. It is possible that mothers born in the U.S. are more familiar with summer needs of children in the U.S. versus mothers born in Mexico. Future research should examine potential cultural differences in summer opportunities in Mexico and the U.S. to identify future intervention needs.
Although not significant, social support for physical activity decreased slightly from the school year to summer months. Parental support is a known positive correlate of physical activity participation in children, but the slight decrease from school year to summer is to our knowledge a novel finding [45] . Although barriers to physical activity increase in the summer, and the extreme summer temperatures likely playing a large role in that increase, other school-specific barriers such as homework become irrelevant. Given this and the increase in opportunities for physical activity over the summer, it should be possible for mothers to offer intangible means of social support to their children (e.g., encouraging children to be more active). The mothers who are home during the day could also provide the other intangible means of social support measured in this study by being active with their children. Mothers that are able to provide transportation to their children would have access to an even greater number of resources for physical activities. Despite the increase in opportunities, slight decreases in social support for physical activity between school-year and summer may be harmful for children living in colonias given the potential need for additional support in the summer. Two interesting relationships were identified that should also be further investigated. Children with mothers reporting Mexican race/ethnicity (versus Hispanic or Mexican Americanopen-ended response) had a significant decrease in social support from school-year to summer, which could be explained by considering cultural differences between these self-identified ethnicities. Future research should explore these potential differences as the present study did not collect adequate information to further examine this. Children with mothers employed fulltime at baseline also had decreases in social support from school-year to summer, which could be explained when considering the amount of available time of mothers working full-time as compared to mothers not working or only working part-time. This is potentially accentuated in summer months when children are in greater need of tangible support given their extra discretionary time during the summer. Better understanding of the relationship between these factors and social support may aid in planning more appropriate initiatives to increase social support for physical activity and ultimately increase physical activity levels.
The secondary aim of this study, which was to examine mother-child agreement across the factors, resulted in another important finding. As evidenced by slight and fair median kappa coefficient ratings, discordance between mother's and child's perceptions was found in all categories; barriers to physical activity, opportunities for physical activity, and social support for physical activity. Differences between mother's and child's perceptions have been found in other fields (e.g., community violence and food security status; [46, 47] ), but this study is among the first to examine mother-child discordance regarding perceived physical activity environments. The items with the strongest mother-child agreement included the barrier of having asthma, and having the athome opportunities of a swing set, trampoline, and a functional basketball hoop. Three of the top four items with the strongest agreement were physical activity opportunities within the home. Across both the schoolyear and the summer, mother-child agreement was much more likely for home opportunities as compared with neighborhood opportunities. This may be because children and mothers can easily identify whether or not there is a swing set or trampoline in their home or backyard, but may be less aware of other neighborhood resources, especially resources they may not use. Both perceptions of the mothers and children should be considered in efforts to examine and understand physical activity behaviors, given the distinct perceptions between mother-child dyads. Only addressing the concerns of either mothers or children, based on this data, would likely result in an incomplete approach, thus hindering potential effectiveness. Future research that includes environmental perceptions should measure and/or account for mother-child or parent-child differences.
Conclusions
Despite limitations of this study, these results can be used to further research on the relationships between environmental factors and physical activity; and ultimately help guide efforts to increase physical activity in this population. However, several limitations do need to be considered. For instance, causation could not be examined due to the cross-sectional study design. School year surveys were also completed between February and May of 2011. It is possible that differences in perceived barriers, opportunities, and social support may be present across the months that were not accounted for by using this range. In addition, neither mother nor child physical activity was measured in this study. The effects that seasonal increases in perceived barriers, opportunities, and social support have on physical activity participation could therefore only be speculated. Future research should examine these relationships in a similar model. Lastly, this study was only conducted in colonias in Hidalgo County, Texas. Findings are generalizable to other colonias populations similar in environments, resources, and demographics, but may not be generalizable to all colonias populations across the entire U.S.-Mexico border or other populations. Despite these limitations, this study contributes to the literature by extending our understanding of the perceived barriers, perceived opportunities, and social support for physical activity from the school-year to summer months for children living in colonias.
Understanding the effect of seasonality on environmental barriers, opportunities, and social support for physical activity faced by colonias residents can be particularly useful to researchers working with colonias and with other Hispanic immigrants living in the U.S. Similar to the demographic findings in this study although not as severe, approximately 42% of Hispanic women living in the United States aged 16 and over are unemployed, and 40% of Hispanic men and women are experiencing long-term unemployment [48] . Additionally, when compared to other racial groups, Hispanics in the U.S. report the lowest percentages of those with a high school diploma; only 61% [49] . Most Hispanic and specifically Mexican immigrant families are faced with similar challenges as families residing in colonias. These include severe poverty, underemployment, educational disadvantages, increased risk for chronic diseases, and residences within ethnic enclaves. The challenges faced by residents in colonias are therefore representative of many challenges faced by Mexican immigrants across the U.S. and can serve as an example for researchers, policy makers, and public health workers when trying to best serve these populations.
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